Yorkstar wheat, grown in New York State, has a high percentage (10-11) of grains without embryos. The embryoless grains have viable aleurone layers and show no sign of injury. These grains are able to support a-amylase synthesis only in the presence of gibberellin A3 (GAs). In the absence of GA& some protein synthesis occurs in embryoless grains during the early hours of soaking, indicating that such activity occurs prior to and independent of GA3 induction of a-amylase. The level of ,8-amylase on a dry weight basis is the same in embryoless and normal grains and decreases with time of soaking. In the presence of GA3, 8-amylase decreases at a slower rate. Isoenzymes of a-amylase from GA3-treated embryoless and normal grains show quantitative as well as qualitative differences.
The phenomenon of embryolessness in cereal grains, notably barley, wheat, and rye, has been described by a number of workers (10, 11, 14, 15, 24, 25, 27, 31) . In some of these studies (11, 14, 15, 25) structures of the embryoless and normal grains are compared. According to Harlen and Pope (11) , who first described this phenomenon in barley grains, embryolessness is probably a result of single fertilization. Based on a very limited study, they suggested that the fertilization from which the embryo would have formed failed to occur. These and other workers (14, 15, 25) found no evidence for the hypothesis that the development of the embryo had been arrested shortly after fertilization. The work in our laboratory showed that a soft white winter wheat (Triticiuin aestivumn, cv. Yorkstar) grown in New York State contains in some lots up to 10 to 11% grains which lack embryos and scutella. This percentage is considerably higher than those reported previously from any other source.
The naturally occurring embryoless grain offers a distinct 'This work was supported in part by grants from the National Science Foundation, GB-30355 (U.S.A.), the Herman Frasch Foundation (U.S.A.), the National Foundation for Collective Scientific Research, No. 998 (Belgium) advantage over de-embryonated grain obtained by surgical means in studying embryo-related biochemical processes in cereal grains. The embryoless grain system is injury-free (11, 25) . It, therefore, excludes the possibility of secondary metabolic changes that occur following excision of plant tissues (1, 6, 13, 19, 21, 26, 28, 30) . It is reported that only a small damage to the aleurone of germinating barley decreases by 40 to 50% the production of a-amylase (3) . Lyon (25) Figure 1 . There is no evidence of the presence of embryo or embryonic tissue in the embryoless grain. The region where the embryo is located in the normal grain (12) is designated by the notation "X" (Fig. 1) . In both types of grain a single layer of aleurone can be seen extending to the embryo or the region where the embryo should have been in the embryoless grain. Seed coats are complete in both cases. The detailed structures of the embryoless wheat grain shown here resemble closely the structures of the embryoless barley grain (1 1).
Sterilized (1 % sodium hypochlorite for 15 min) and washed embryoless and normal grains were incubated at 20 C in GA3 solution in Petri plates for various lengths of time. In some experiments grains were transferred to inhibitors (60 ,ug/ml) at 0 and 8 hr after incubation, shaken for 2 hr at 4 C, and then returned to 20 C. Grains were washed and homogenized in 0.2% CaCl2 in a Virtis 45 homogenizer for 1 min at full speed (45,000 rpm), and the homogenate was spun at 5,000g. The supernatant was assayed for a-amylase according to Briggs (2) using 4- 0.01 M tris-HCl, pH 7.5. a-Amylase isoenzymes were resolved by electrophoresis on polyacrylamide gels and detected by treatments with sl-limit dextrin and 12-KI solutions according to Van Onckelen and Verbeek (32) .
,B-Amylase in the 27,000g supernatant of grain extracts was assayed by the dinitrosalicylate method for reducing sugars (22) . One milliliter of 1% starch solution in 0.0128 M acetate buffer, pH 5.3, and 0.008 M NaCl was treated with 1 ml of enzyme preparation at 25 C for 3 min at pH 5.3 before stopping the reaction by adding 2 ml of dinitrosalicylate reagent containing 0.04 g of dinitrosalicylic acid, 0.6 g of sodium potassium tartarate, and 0.032 g of NaOH. The mixture was boiled for 5 min and cooled, and the color was determined spectrophotometrically at 540 nm after addition of 20 ml of water. In all cases the pH of the enzyme was lowered to 3.4 with HCI then readjusted with NaOH to 5.3 to inactivate the a-amylase activity.
For the synthesis of labeled protein 5 Protein in an aliquot of the supernatant was precipitated with 12% trichloroacetic acid collected on glass fiber filters, and radioactivity was determined with a Nuclear-Chicago Unilux method of Lowry et al (23) .
RESULTS AND DISCUSSION The ability of the embryoless and normal grain to support a-amylase synthesis in the presence and absence of GA3 is shown in Figures 2 and 3 . A lag period of about 20 to 24 hr is apparent before the onset of a-amylase synthesis in the embryoless grain in presence of the hormone. In the absence of GA3, the embryoless grain is unable to synthesize a-amylase (Fig. 2) . In the normal wheat grain the synthesis of c-amylase in presence of GA3 is only slightly higher than that shown in the absence of the hormone (Fig. 3) .
In order to determine whether injury plays a part in altering the level of a-amylase in embryoless grain, small portions of the grain were excised where the embryo normally occurs. Excision did not reduce the response of the remaining grain to GA3 on a unit weight basis.
The results clearly show a dependence of embryoless grain on GA3 for the production of ca-amylase. However, the efficiency of GA3-induced ca-amylase synthesis in the embryoless grain is still about one-third of that of the normal grain in 48 hr (Figs. 2 and 3 ). This evidently suggests that optimal synthesis of a-amylase depends on factors made available to the aleurone by the embryo. It had been shown previously that GA3 is unable to restore fully the a-amylase-synthesizing capacity of the grain following excision of the embryo (29) . Contrary to the situation in the normally germinating barley grain, the injury does not appear, however, to have any influence on GA3-induced ca-amylase in embryoless wheat grains (3). The reason for this is not known.
The time course of soluble protein synthesis in the embryoless grain in the presence of the hormone resembles that of a-amylase (Fig. 4) . In the absence of the hormone, however, there was an early increase in protein synthesis in this grain. This suggests that gibberellin action produces some proteolytic enzyme(s) in this system prior to the synthesis of a-amylase. An early rapid synthesis of protein occurs in the normal grain with or without GA3. This synthetic activity drops considerably in 48 hr; thereafter the synthesis levels off.
The levels of /3-amylase in the normal and embryoless grains at various points in the soaking period are shown in Table I . It can be seen that the level of this enzyme on a dry weight basis at 0 hr is about the same in the two types of grains. After soaking, the level of enzyme decreases in both types of grains, although more slowly in the presence of GA3. The action of this hormone in reducing the rate appears to be more pronounced in the embryoless grain. The factors influencing the level of this enzyme were not studied. The data clearly It was shown previously in this laboratory that ABA-induced inhibition of a-amylase synthesis is reversed by the cytokinins (16) (17) (18) . In the de-embryonated grain obtained by surgical means, however, ABA inhibition of GA3-induced a-amylase synthesis is not reversed by kinetin (16) . In view of this, it was considered desirable to test the effect of a cytokinin and ABA on the embryoless grain. ABA inhibited the GA3-induced a-amylase production in the embryoless grain. This inhibition was not reversed by kinetin. This result gives further credence to the earlier hypothesis that the embryo or some factor associated with it is essential for cytokinin reversal of ABA inhibition of a-amylase synthesis (16, 35) .
In order to elaborate further on the differences and similarity in the normal and embryoless grains, the effect of GA3 on a-amylase isoenzymes was studied in the two types of grains. The zymograms of a-amylase isoenzymes at various points of soaking of the two types of grains are shown in Figure 5 . It can be seen that 9 isoenzymes are resolved in the embryoless grain in response to GA3 in 24 hr. This number remains constant until 48 hr. In the case of normal grain the numbers of isoenzymes in 24 hr in the absence and presence of GA3 are 5 and 8, respectively. In 72 and 144 hr, the normal grains have 9 and 12 isoenzymes, respectively, with GA3 having no visible effects. The results indicate some qualitative differences in the a-amylase-producing potential of the embryoless and normal grains, at least during early periods of soaking. Three additional isoenzymes in the normal grain appear after 144 hr. This increase could be a result of an interplay of additional factors supplied by the growing embryo with the enzyme-synthesizing machinery in the aleurone layer (16, 35) . An increasing number of isoenzymes of a-amylase with increasing periods of soaking has been reported previously in the germinating barley grain (32) .
In order to determine the nature of gibberellin-induced formation of isoenzymes in the embryoless grain, specific inhibitors of nucleic acid and protein synthesis were used at two different times of incubation of the grain. Cycloheximide completely inhibited a-amylase formation and its isoenzymes, while 6-methylpurine caused a 65% loss of a-amylase activity without noticeably decreasing the number of isoenzymes (Table II). Actinomycin D at the concentration used (60 yg/ml) had no inhibitory effect on a-amylase or its constituent isoenzymes. This concentration of actinomycin D was perhaps lower than that required to inhibit the enzyme synthesis. It has been suggested that the inability of actinomycin D to inhibit a-amylase synthesis in aleurone cells at low concentrations could be due to its ineffectiveness in blocking RNA synthesis (4) or to its varying effects during the lag period of enzyme synthesis (9) . Other inhibitors of RNA synthesis, including 6-methylpurine, however, are known to inhibit a-amylase synthesis (4, 5, 33 (1, 6, 13, 19, 21, 26, 28, 30) . Phytohormones, including gibberellin, modify the changes brought about as a result of injury (7, 19, 20, 28) . Although no critical examination of the effect of injury on a-amylase synthesis in the cereal grain has been made, some data suggest that injury of the grain diminishes the capacity of the grain to synthesize a-amylase (3). In the absence of injury we can be more certain that the observed differences in the embryoless and normal grains are attributable only to the embryo-based factors.
